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I1ic big question is -Can you liavc tlic uino nn 
of eticri^y fhat vf)u iiiral aiul want tociiiy for cauh 
of ycair tornorrciw s? Is llic qucsrioti too big? Ij't's 
break it into mo pavls, then, antl you tail ask 
yourself; In my lifcv why might I need to use 
mcjrt:, or less, energy? And, in my life, why niight 1 
want to UKc; more, or less energy? 

It is th<! purpose of this Energy study to help 
you find iins wets -not tor vill of the energy pro- 
bk'ins lacing (he Vv urkl toihiv, bui for the iwo 
questions you have just asked yourself. You can 
f ind out, ds thv days of Uic unit progress^ just 
where ytHi as an American are in relation to what 
you have seen and heard about the energy erisin, 

I'lie w< )!'. 1 rnsis tiieans vrtissrOitds or im'NiNg 
pohn. Crisis in time of illness, for example, can 
mean that someone is l)etwcen life and death. 1 he 
turning point could go either way, Some people 
feel that our ener0^ problems are serious enough to 
be life and death tnatteri Whether this is true or 
not remains to be seen, We do know as Americans 
that we are at a turning point which we have called 
the energy crisis. 

Shortages ot tood or fuel have occurred 
throughout huinan history on our planet. Short- 
ages exist tcida)^, all over the world. However, as 
American consumers, wc are not comforted by 
thoughts chat the energy crisis in our country is 
sadly simnar either to a past c^r a present crisis 
elsewhere. We arc encouraged, rather, by prosit ive 
action^^as well as by positive thoughts that we can 



fiidvc the energy crisis, 'rhcrefore, we want to know 
what our choices lue in this rinie of crisisj su we 
can make the correct dcci^ionjj, 

We hiive to knovr' if we can chniige the coiv 
neetions that c^ist between our ?>tyles of dally life 
and our growing ciciiiynds for more energy. Will we 
freely choose snianer cars and mass trnn^iit, biiild^ 
ing designs that economize heat and light, and df it 
is costly -recycling of all possible resources? 

We have to know if our environment will be 
•spoiled as wc supiply more and more energy to our 
population. Will we, or our descendants^ have to 
live with air and water pollution and with radio- 
active wastes in order to satisfy the energy de- 
mand? 

We have to know if the United States can 
continue to be the biggest energy eonsumer on the 
international scnne. Are and developing nations 
around the wodd going to be in real competition 
to get and use the world's energy resources? 

And^ finally, we have to know if each energy 
resource that wc arc now using can be more or less 
helpful to us in the future. Which old and which 
new resources can we safely develops and how 
much of a job can each one do for us? 

Answers to small questions you can get as you 
move into the story of energy today. But remenn- 
ber, the main character of the story is you. The big 
question^ of needs and wants, is for you to under- 
stand and answer. 




Learning The Energy Language 

This thing called encrg)' is everything. And 
yet, did an expression like ''the world's total 
supply of energy*' ever cause you to wonder what 
was meant? Hava* you thought that ''stored en- 
ergy," often called "fossil fuel," is similar to the 
food you eat? No? V^ou wouldn't choose a dish of 



coal for supper, though coal is known to be an 
energy source. To you, coal is a fuel, not a food. 

Foods And Fuels: How Are They Similar? 

The foods you eat and the fossil fuels=-coal, 
oil, and natural gas^all got started with energy 
from the sun. The sun delivers daily, to each acre 
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1)1 )U ctuiniry, :il)t)H( 20 (nilliwii kilr t';ih,)iit'S. Si[jcc 
a kilncakric is |f)00 hint's, wt* gjt i lor nl" souir 
cticrgy every duy! Suiuv nt tln^ ilaily MM-rgy 
bct omcs ilic plauis an<i pt'otciii?^ lhat y )u cur. Mil- 
liuns ol years ago, solar energy "iroHiicrd the Fo^^sil 
fuels th it ^rc used today. It svould tukc rhi^; Unij^ 
t'of more fossil fuels H; be produced. 

Because you ncv.d food and fuel in ort!cr to 
Hurvi\/t, you are called a ''coiisumcr." A consumer, 
simp'y i^ an ciiurgy-ustr. At last count, l)y the 
way, one ot the three Inllion luuiuin cnergyniscrs 
on this planet was youf 

i hive yuu eve; iLouglu Lnai plains^ birds, I isl , 
and ether animats on our planet use only fuud? 
Thii use of fuel as well as food is sonietlnng only 
hunians do. First, let's consider how you use tofal 

Yoiir body is w;irm, and you arc able to move 
it. Both of these descriptions fir you, warmth and 
activity, because of the food you consume. Heat is 
given off as the food you eat combines in your 
body with oxygen = I'hc cells of your body act like 
trillions of combustion engines. Energy input-in 
the form of food— lets you think, laugh, play, and 
even dream. All of your l)ody's activiLies, whether 
you are asleep or awake, add up to your energy 
output. 

Foods And Fuels: Hov/ Are They Different? 

To a human being, the difference between 
food and fuel is how the energy is released, in what 
form it is released, and what it is used for, 

AH matter is made of tiny particles called 
atoms. Atoms may be bunched together into mole^ 
cules. The atoms in a molecule are held together by 
chemical bonds. Chemical bonds can be thought of 
as energy, chemical energy. Energy can be released 
w^hen chemical bonds are broken or rearranged. 

Fuel Coal, natural gas, wood, and oil are 
made of molecules which in turn are bunches of 
atoms of hydrogen and carbon. The energy in coal, 
gas, etc, is in the chemical bonds between these 
atoms. Oxygen has the ability to break and rear- 
range these bonds and to release the energy, but 
oxygen needs a little push to get started. It needs a 
little heat energy to break the first few chemical 
bonds. When they break, they release more than 
enough energy to cause the oxygen to break more 
bonds which release more energy. As long as fuel 
(coal, gas, etc.) and oxygen are added, the reaction 

EKLC 



W'ili i^fjiuiiuie, rhis rcnt'iinti is eallcHl ffxiiliUiofL 
OxitLition eliaujres eheniic;il enc'i^y mostly to heat 
energy with a little H^^ht energy ^ We use the heat 
CTiergy to keep warnt, eook ftioci, luov ,' the |)istons 
in an autoinobi!(% or it is chniigcd into eleetrie 
energy lor many other uses. The light energy, for 
the mast part, is nor used, 

I'ucl for your body is called food, and the 
clieniical energy is released in a (lifTcrent way, in a 
difrcrcnt form, and for a different purpose, 

Food Sugar, starch, and fat are niade of 
moltculcs which in turn arc hunches of atoms of 
h)/u!\)gcu, carboi::, and uKygcu, The energy in these 
toads IS in the ehenucal bonds which hold the 
aroniS togethei. Oxygen is still iiceded to release 
rhi^i energy, but oKidatian is too violent. It releases 
the energy too fast fcir your body. Oxidation also 
releases; most of the energy in the wong form. 

I he slow release of energy from food in your 
cells is called raspiratiori. In respiration, not only is 
the chemical energy released slawly, but most of it 
is turned right hack into chemical energy. The 
energy in food is transferred into molecular jars 
and stored for later. This is why you need only eat 
three times a day even though your body requires 
energy all the time. Also, you don't need oxygen 
to get tlie use of the energy in the molecular jars. 

Once in the jars, this energy is circulated 
through your cells and used f3r growth, repair 
v\^ork, and release of more en^ ^'gy from your food. 



Not all of the energy^ from respiration goes 
into storage, Some is released as heat energy which 
is why your body temper;u^ tre is normally 98,6^F. 



Energy Values 


Calories Per Pound 


Fuel (coal) 


2,500,000-3,500,000 


Food 




sugar & starch 


5,000 


fat 


9,000 


There appears to 


be a large difference be 



tween the amounts of energy in fuel and food, but 
remember, calories are a tneasurement of heat 
energy, Most of chcniical energy leleased froin fuel 
during oxidation cornes off as heat energy, and 
most of the chemical energy released from food 
during respiration stays as chemical energy in the 
molecular jars. 
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How Much Power Do Wo Roiilly Noocl? 



Wt! lire the biggest energy eonsiuncrs in the 
wnritL Until now, energy has gcncniliy liccn chcnp 
and abundaiu for us. Wc have use<l ii fredy la 
rnaintain a high stniuhird ol hving. All c'faur plan- 
ners \vdvc prethetecl that more and more energy 
vvnuld l)e eonsunied U) suppori our growing ccon 
oniy. 

Hut now things have changed. I'ljcl bills are 
rising, (lasohne suppHcs nrc Uinited, Pidilic ofiieinis 
ask us to turn off our air condititincrs to avoid 
bhickouts and brownouts. Energy is uu lunger 
cheap and no longer abundant, 

liow should wc act in chis new situruion? Can 
wc find ways to expand our energy nupplics and 
meet our growing demands? Or should wc trv to 
use less energy? Environmentalists warn us of the 
increasing harm to our environment as more and 
niorc energy is consumed. Should vvc change the 
way we live? 

Conserve Energy And Cut Waste 

Arc you willing to do without curs, hi-fi 
stereos, TVs, and air conditioners? Most people are 
not. These drastic measures can cut down our 
energy demands^ but there are other ways too. We 
can conserve energy in ways that are acceptable to 
us, and we can use energy more efficiently, Did 
you know that the Federal Office of Emergency 
Preparedness has estimated that up to 2 5 percent 
of the energy we now use is wasted unnecessarily? 
Other sources predict even greater savings if wise 
energy use becomes everyone's practice. 

How Is Energy Wasted? 

Whenever we convert the energy stored 'm fuel 
into a useful form^ some of the energy is wasted. 
F-'or example^ when wood, or coal is burned in an 
open fircplLice, less than -2{) percent of the erergy is 
radiated into the room. The rest escapes up the 
chimney. A more efficient hearing system is a 



welbdcNigned bonie furnace. It can capture up to 
75 percent of the energy in the fuel and make it 
available for spncc heating. The energy efnciency 
ol* various devices is given on the chart. Energy 
efficiency is defined as the percentage of input 
energy which is eorwcrted into a useful form. 
Mrhough technoU)gy limits the efficicney of any 
')ne device, we can find many ways to improve the 
(overall ef ficiency of our energy use. 



Saving Eneryy In Industry 

Iniprove the efficiency of ejectrie-powcr gen- 
eration. The average fossilTuel cleetric-power plant 
is only 33 percent efficient, In odicr words, two- 
thirds of the fuel energy we use to generate electric 
power ends up as waste heat in the environment. 
The most naodern power plants are 40 percent 
efficient. And scientius are workmg on new 
methods of conversion which may raise this figure 
to SO percent, Meanwhile, modernization of older 
plants will mean significant energ)^ savings, 

Make waste heat uwful at a *'totid energy*' 
plant. Some industrial and commercial plants are 
generating electric power on site. The resulting 
waste heat is recovered as steam and it is used to 
heat buildings, to power machinery, and to carry 
on industrial processing. The overall efficiency of a 
''total energy'' plant may be from 75 to 85 per- 
cent. 

Recover, recycle, and reuse steel, aluminum, 
and paper products. The paper and metals indus- 
tries are th largest industrial users of electric 
power. And of all the metals, aluminum requires 
the most electricity to produce. In throwing away 
tons and tons of these products each day, we not 
only waste valuable materials and pollute the envir- 
on meni'=vve also waste energy. The National 
Commission on Materials Policy estimates that 2 
percent c^f our total energy demand could be saved 
by recycling available steel, aluminum, and paper. 
It takes less energy to produce these products from 
scrap than it does to make them from raw mate- 
rials. 



8 



5 



&iv!ncj Encryy In I ransporUition 

f)usijj;ii and asv cars with energy cfTicicncy in 
inincL The hirgcst shurc of a ianiily's ericrgy hiul- 
get - over luilt" the doUiirs spnu lor cmirgy go to 
run the family car. (l\\r pools, sniiillrr curs with 
fewer electrical features, aiiil better ear mniniciv 
ance will help to save linth energy and (Inlhir.s. 

Increase use of mms tnuisit in urban ureas. 
Buses arc four times nioie eificient than cars. And 
commuter trains arc even niorc efficient. Increased 
use of puhlie trnnNportation in urban areas will cut 
dovvn on energy iisc. It will rcduee air [Hiliutiori 
and tratfie prc)l)lenis ioo. 

Sliifr intercity truvcl from air to ground trans- 
porration. Air travel is tasi and convenient, but ir 
also consumes tlie most energy per passenger mile. 
Buses, trains, and even passenger ears are a nu^rc 
cnergy=cfficient means of traveling from city to 
city. 

Shift freight transport from highway to raib 
In recent years, the trucking industty has grown* 
while the railroads have suffered great losses. But 
trucks use up to four times more energy to haul 
freight than railroads use, A trend back to rail 
transport will save encrgy< 

Saving Energy In The Home And In Offices 

Improve the design of commercial buildings. 
Many new office buildings use more energy than 
they niust for hearing and cooling, Windows do not 
open, so air conditioning is necessary even when 
outside temperatures are pleasant. The entire build- 
ing may have to he heated, cooled, and illuminated 
in ofThours even though only one room in the 
building may be in use. Many buildings are poorly 
insulated and poorly located. They do not take 
into account the effects of sun and wind on heat- 
ing and cooling. 

Improve insulation of homes. Stopping air 
leaks around doors and windows can decrease a 
family's heating bill by 15 to 30 percent. Proper 
insulation of walls and ceilings and the installation 
of storm windows will also save large amounts of 
energy otherwise wasted. 



l*roviile betier maintennnce of heathig sys^ 
leuis, Heating a liome is tlie largf^st expense after 
the family car in a fanuly's dollar-and-energy bud- 
get. Better maintenance of heating systems can 
reduce fuel bills by lOperceiii, 

Purchase efncient appliances and lighting fix= 
tiires ancl use them wisely, l)o you leave the lights 
on when you leave a room? Is the air conditioner 
in your home the most efficient model available? 
Do you know tbar an instant-on television uses up 
electric power even when it is turned off? lUectrie 
power can be saved by buying efficient appliances 
and using tbcrn only when necessary. Use the activ^ 
ity cards provided in this unit to investigate 
appliances in your home, 

Conservation Can't Do It All 

Wise energy use can cut down energy demand 
by 25 percent or more. But sc^me of the measures 
suggested will take time to carry out. In the mean- 
time, wc may continue to suffer energy shortages. 

As we look to the future, wc must also con- 
sidcr the supply problctTi, Conservation measures 
can slow the growtli of energy demand but not 
stop it, The basic pattern of increasing energy use 
will continue if we choose to maintain our current 
life-style and our growing economy. The remaining 
sections of this booklet are concerned with pro- 
blems of energy supply, both present and future. 
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Wlint is tlx: picture uf f^rUTgy siipply in niir 
coimtry? 11ic 197 3 Hncrgy Pic gives you n qiiirk 
look into (Uir reccru p;i^f:, Wliirh Uvo ctu'igy 
sources su[)plied nmrv ihm 75 [lerc^eni nt ihe kjuiI 
energy vvc consunuul in 1973? Wtiitii oi these 
sources was iniporicd in Inrgc quaniitics (mm 
foreign cnuiurics? Which sc)iin:es on llie fjraph are a 
very small part ol the t<?tal ^:n^'rgy pici ure? 

In ilic iiexi ^V^u ]K]\fC'-,, you will lind 
intbrmatio!! ahcnit the {tmr stnirees ihat have 
supplitnl tnost ol our rounN^y's enrr|ry ru'eds Inr a 




lonjf iiine. Two tyi)es of iiUoriiiaf iori rue presentetl 
Inr each cnerjfy soini'c npiiooii and fact, 'rhe 
•'npininns'' represent the type nf siaietnetits 
prnthiccrs ;uul eoJisuniers arc making today. As 
you read each "opinion,'* ask y^^iii seh ; What point 
ol view is prcsetiteil? Whose ^^irw is it? is it basetl 
(ui enough laci? rlicn tTacl the tacts and judge lor 
yourself^ Since each 'Mact " sccrion is hrici , yf)u 
may want to do lukliiional research at the hl)rary, 
f!an vow j^'dge rrrnTi thr tacMs h^nv lodav's cliicd 
sources ol energy niij^ht appear nn an fuicrgy Fie oi 
ihe liiiurc? 
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An OpMiKH! — 



Af'ii«MH;,ni rniiMT vat ioi lists arul iHinpif v'hi> f:n|ny (ishirHi-H!' jnifiniq ftuif^Mu:!' witJ 
m nrjVf!( l.)*!lf if*; ;Hi*nns! ttu* f rdornl f^owri i a jftufiissio!) Ilie i,f)fnni!*;%ifin*s p^fjii ?nr 
<.l*iV(ilt)i>iru) (he Missf)un to c.?ljrain nlnctncity has alrfMHy rnusfd fjrfsu n|.if(7^i, 

l,J<;on!)ifK) prnr;«»fhir<^s for f uiiHiHssinfrs jMiWfM Hain ?H*!^-^or^^ h,tvn sloppfffl, rUVl 

<:f)r!f|riM)Sir)ri,il ht>arirujn fiav^* iH^fjiin. 

lJi)j.'s U (;fifKu*rn ynn ' WaM'r pnvyrr prujrrf', l.iii fihiny larva, iUmI 'in*olj 

li'Ji that \\\ h'hifHi in tl^c ar^si Miff^^f; a^ a w-mU 

h ) tlio onvi? nrunfan. 

Cf)f)tnfit !is \f)\ hiftluM nifMrntalMui aiul [uii.Mhh* {iHaMhrr -^'H! a- Ifw- 

i*f i's<a Viitif in of Thr* M\K\i)Mt f l\.\\\n 
Inn/w: WalOiiKii, Chiiinnari 
ArKjIor*. A'^stjfaMtifHi of AnifMtcj 
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Hydraoloctric Powor — JUo f ucts 

Making use n\ iiiovini? waUT is tini nc:w tti 
niiinkind, I,ang ago, people made wheels and put 
tliem intu iastdlowiiig sirranis and lavers, \hc 
power froni tfic nirtdn|! wlicels ua*^ used to |n and 
gram an<t punip %varer iov in igiinoii^ In ihe IJnue^l 
Sfarcs, nnuiy oi flu: firsi factories were loeaie*' on 
or near wacer. Warcr whcel*^. powereil growing' in 
dustries lier<' siicli .is tin' las f nidusi ry. 

riic r€ehntdog\' of water [lower improved 
vvuh the development thv !url)me Its eurved 
blades made it a more efticienr energy gathering 
device tiian the water vvheeK l urbines are now 
used in many inthistries tf) eonxert stcMun efu^rgy 
info Useful work. 

In hydroelectrie planfs, the power of fuHing 
wuier drives turl)ines tor the prt)duerion e}t electric 
power. One of the first such plants in the United 
States began operaring at Niagara ImUIs. New York, 
in 1896. loday, the water power from Niagara 
Fulls is still u reliable prodneer of eleeirieiry, I low 



esaaa ftic Uiiiied Stales ctifUains lew ^iuMiural water 
talK, Most ui iiur (ii djiM'Irrtric posvfi'r ^;tMi]cs Irnm 
man maiir dams ku^u an the (irantl <!oulce Dam <m 
the Cloluinlna River and the HcxM^cr Uani or^ tin 
Colorado Kiver. t 'onsirueiion of ihfcw daius aiul 
reservoirs has a mmibcr of bcnefiis, CNiample, 
I lie netwnrk of ilams ni the Missouri iin er liasin 
provides tor iloinl comrol, irrigatinri, ;ntd reerea- 
lion as well as eleeirie pf>wer 

in niany ways, water po^cr is. n. very desirable 
energy sonree. Tossil luels are used up s^'hen thcv 
are l>iirncd, prod mi ng waste heat: ;if^iJ poisiuKHis 
gases as well as useful power. Water p^wer is not. 
hailing water pr<ni<les a e<nuinuoUSf ctciiri snnr<e 
of energy. And, once the ilam and T:1h' p(nver plant 
are built, hyiiroeteetrieitv is rekuivclj' eUeap to 
produki . 

('an more hvdroeleetrieitv be inside tK\ run our 
industries and light our homes? I'oday, furnislies 
less that 5 pereenl of the total energy used aruiu- 
ally iri the Ututed States. If the n'M>i\r\xs we dt> 
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lijvc ut'ic iullv ilc^clopc i, u aUM pou cr c<Hil^l pio^ 

tlcmand in lUv ) MHOs. \\u\ pcrcrntagc would 

fiTuird ro rise. 

Sever. il nihrv \ AVlnrs iv\m\ h> hinM iuriiuT 
vclupnicii! oi w.ucr prnvrr. Ihr largt^s? pofcnft;)! 
icsnurtrs tor wjrrr ptnvcr arc the rivers o\ the 
Western UnittHi Sfates, l':,ist u\ the Mississippi 
River, power ilnnatuls .ire grrucsf. NVater pcnvcr 
resources there hnve \\vvn ilevelopcd ;ilmost lo ea 
paetty. Of eourse, cleetnc power can be trans 
mitted over a distanre. Bin transnussion line^ nrc 
expensive and power losses increase vvith disiance. 
Ihcrrforc, with present ttH'hnoIogy, power trans^ 
inissinn fUcT [crcaf disrances is nnf eeofiomieaL 

Rnvlr*>nmcntal cttccts must also be weighed. 



ft is r\eecssary to flood thousands of acreN to erect 
a dam and reservoir. V- li^ive learned, sonietimcs 
too late, that this can « uigc the ecological balance 
of an area for hundreds of miles up the river, 
( hanging the n<»w of vvner by danirning it up 
lianges the chemical and mineral content of both 
the vvater and rhe nearby soil, I'hus, fooil chains 
ci\n bv thsruptetl or drstroyed. Also, earth tremors 
can occur vvhcn large dnrns create new lakes which 
are too heavy lor the layers of rock beneath them. 

Should we develop wnrcr power resources to 
meet from 8 to 10 percent of uur total energy 
demands? To answer this question^ we must know 
about the costs. I he cost to the consumer, which is 
measured in dollars, is known. 1'he cost to the en- 
vironment* which cannot l)c rneasurcd in dollars, is 
still largely unknown. 
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An Opinion "^w^^^.-^..M,r ^rM^cr^itwaiwr^nin^^a,^^^ 

Old King Coal is the answer to iArherlca 'i energy shortage, Tod^y 5t our pilot 
plant in ffreen Hills, OWahtoma, wve are testing processes ttiat we liaw^ctl^vilcpwl. These 
processes turn high -sulfur coal Into clean^burning synthetic gas. 

Until now, some commercial plants did gasily small amotintsof coal--3t rather 
high colt to the home and indLJStrial user ^ Ho^w^ver, vve arenc^w read y tc prcduce a 
synthetic gas in larga quantities, We think tHat tJils will be both plerififiJ I and cheap, 

i About eight years from now, vA/e pro|ect, our newvly cori^tructedpl ants will be the 
Midwest's major su ppliers of syntfii^tic gci^, 

J, P, Coili^r, Mina#r 

iV! idw«$t Coal CQr^oraiion 

I , 



Ccm\ ^ The Faots 

Coal lost the energy race to natural gus and 
petfoldim in our country ahoui 2 J yms^ iipD, 
Frcm chat rime until just recently, natunil gas and 
petroleT.im hav*e been cheaper to get and easier to 
us^, Iri 1900, coal supplied 70 percert of the 
Unitctl States* total encrg)' dcnianci, Wy the curly 
sev^cntics, this figure was down tt> 18 pttctMit^ 

Ncjrth America has the most valusbit coal 
fieiiLs in the world, both in quantity and quality . 
C041I is one of the top natural tcsourccs of the 
Ut^itcd States. Formed by natiiral processes in the 
earth, ^liis fossil fuel is the remains of plant life 
thatliv^cd millions of years ago* Of the i trillion 
tons of coal in the United States, 39C) billion t ohn 
can be jiiined now, This would be vncugh w last u 
fevp^f hundred years at the current rntc af use! 

WNy has this vaUiahle resource playeii u 
snialler and smaller part in oiir cour^try's energy 
story? One reason is that foreign t>il M^iis once 
cheap and available to us. Alsc>, natural -gas supplies 
witliin our country were cheap imd aluindant, 
Thefcfore, improving the tcchnoloprv t>f under- 
groumd tiiining and of prucessingcciiil never gat the 
attc-iuioiut deserved. 



It is £1 difficult jnl^ to mine cc>a! from deep 
unclcrp^ounil niina. His a dirty and unhealthy job. 
In tlie United States today, there arc almost fifty 
rliamind croiil mi iier^ H^lio are ill vvirh black -lung 
disease, l^he "Xo^l iMinc? H^Mlih and Safety Aci^' 
wis: de5lgn rd to prc^tecr rhe worke^nn the cn*il 
riekis, Hut then^w start dards caused hundreds of 
niin^'^ to clo^ down* anil many small compiinic?; 
v*vere fa teed out of bu^it^t^ss. 

In the 196(>s, c€ial contpanics developed thu* 
t cchnolopj' cif strip niinini^ Thi?^ nictluuJ is 
cheaper, faster I a iid ^afer than underground niiu- 
ifig, Firsti coal ^eam^ near the earth 'surface arc 
clisecJvefcd. Then the <)yerburden -vegetation, rock » 
and mil'-ccivering the seam in removed by power 
sliov^eU imil draglines. Huge maehineH like the 
*"(ieiii of ISgypt*' iind ''Big Muskic'* can scoop up 
LPver IDA ciibictnctersiif e;irth with a single bite! 
rearing up the land a^ clicy go, these giant mon- 
liters destroy wviu^le eiivir*tuiiwntsio get at the i^oal 
Nencath. 

Althougli On I)' 3 p*tTcent of all our coal re- 
MUirc'cs can he ditiiined by strip mining, coal 
c<unj;ir\ies are rclyiri^ o n this method more and 
rrmre I lalf of all theeoal that was mined in the 
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f 96Cs ymu strip^miiicd. And plans aic now in pro- 
0^%m to strip-niinc the rich supplies of low-sulfur 
^al located iii the Wcstem states = Ouu unde^'el' 
^ped le<hriol»|y tor uodcrgroiind rwining and cur 
concerri for the safctyi fid health of niiners CKplairt 
cHs fucc. However^ the pros stid com of strip min* 



have reached the halls of Congreis. Mmy 
peopH f«l that strip mining causes permanent 
da^inage c« the environment. This is belieyed e^en if 
t\%^ ecal praducers, at ^dr own expense, attempt 
to restore the land, 



Afif^rbcr enviranmf*iital i^sue i*; air polhition, 
C<»iil is a diny^ fuel. Sulfur dioxiilej one of themost 
serious a ir pollutants, i^ produced in grear ainDuntB 
wlieri cp^il is biirned/rhe CIcaii Air Am^ndjnents 
t>f i9?0 caused a nUtp decline in the use of coal 
tor elccf^ic-i^ower producrion. (This iMhe blgg^^t 
u^c to which we put coaL)In nn^ny nreiis, the burn-* 
ing of ccal mmk illegaL Hom^ utilities and 
Wustrieii udhg coul havefnund it tnoeKpmslve to 
reduce the sulfur dioxide coming frcm their 
?iitiakc.H^feck^. Tliey have .switched to the \m of <3il 
(^gasiini^^teaiL In fact, for the fini tiriie in alnio^if ft 
hvintlrcd ycm^ no coal is bcirig burncLl in 
Ymk City la produce electricity * 

Can coal get buck into the energy race? 
SHouId If be ai lowed to? Honie people t oday are 
willirig t<P reduce air pollution amlard,^ infawor of 
M^ing htgh-piilfwr ccial, Cikrs are not willing to 




allow hard^won environmental victories to be lost 
a^in. 

iSiany scientists today are trying to return coal 
to the energy race* They arc able to change coal 
iiifo clenn-burning liqiiid and gaseous fuels. These, 
t[i<y jredictj will one day replace petroletim and 
natural g^s, Two government agencicsi. the Bureau 
of MiJies and the Office of Coal Researchj are now 
wc^rking with industry to produce mun^nnade gas 
an<l oil from coal. In one experiment, coal is being 
gausifieil undergfotuid at the coalbed itself. If s\ic- 
L-e^sful, prodiicts like HYGAS, UK3AS. and 
SVNT1IA.NE may become part of our economy. 
The tfoulde i^. nobody \s quite ^ure how long it 
W3 II t*ike and how much money will be needed to 
m^ke the^e product?i, Some planner^ say that with 
a ^9 hiljion investment, man-^made gns from coal 
wi ll si.t|iply 10 percent of our demands for pscous 
fudsinthe l98flR. 
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An Opinion - -- — _ ^-.^ ..^t^^^^- ^ 

We hid you, the consumir, in mind when: 

We spent $180 million for the successful explorations in AppalaGhia that ltd to 
Our discovtrv of new gas reserves, Wi at Consolidated Gas are happy to report our 
recant discoviry, sint* It helps us to supply your needs for the clean, effioient fuel— 
HQtural gas. 

We eslimate that this latest discovery, a big one, could be enough to fuel the 
entire United States with natural gas for almost two years! 

The future of natural gas will be bright indeed as we tap the lirriltlesi supplies 
benaatti the ocean floors and mountain slopes, But you, the corsumer, must be willing 
to share with us the increased cogts of production. Only then can we continue to serve 
your needs. 

Hubert A. WIerland 
PubjiQ Rslations Division 
Middle State ConiDiidated Cai 




Natural Qag ^ 1"ha Facts 

The fud called natural gas Is a fossil fuel com- 
posed chiefly of methane gas. Like petroleum^ 
natural gits was fornned from nKirine organismi that 
lived billions of years ago. It is often found with oil 
deposits, It was cither trapped on top of them or 
dissolved in the oil itself. However, gas reserves also 
exist far from oil fields. 

Use of natural gas began in the 1930s when 
techniques wrc developed to pump, store, and 
transport this fueL Pipelines were made to carry 
huge volumes of natural gas to distant users. Huge 
amounts are needrd because 100 cubic feet of gas 
niust be burtied to get the same energy that 1 gal- 
lon of gasoline gives, Today^ the natio^i is covered 
by a network of ga^ pipelines almost a million 
miles long! These pipelines start at the gas wells, 
Most of these wells are located in Texas, Okla» 
homa, Caiifornia, Louisiana, and West Virginia. 

1^he United States is, by far* the largest pro» 
ducer and user of luitural gas in the world, Does 
your family cook v^ith natural gas? Over half the 



families in our cDuntry do, In fact, about 25 per- 
cent of our natural gas is used in the home for 
heating and cooWnp. Forty percent is used to niake 
electric power, Natural gas is also a source of petrO' 
chemicals, These are usad for the manufacture of 
products such as drugs, detergents, fertilizers, 
paints, plastics, synthetic rubber, and synthedc 
fibers. 

Gas is the simplest of all fuels to burn. A gas 
furnace usually needs less care and upkeep than a 
furnace which burns coal oroih It is also the clean- 
est-burning fossil fuel. Natural gas produces far less 
air pollution than coal, gasoline, or oiL 

The demand for and the use of this energy 
resQurce is skyrocketing, In the United States, for 
example, in 1947 natural gas supplied 14 percent 
of our total energy needs. In 1973, 33 percent or 
one-third of our total energy' came from natural 
gas. 

A big reason for the increase in the use of 
natural gas is its lo^ cost, In 1954, the United 
States government put a ceiling^meaning a price 
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limit-^on the cost of natural gas to the consumer. 
From 1954 untU recently, attempci to find more 
natural-gas reserves becanne fewer. Can you guess 
why? The gas compatiiei said that new reserves had 
become more diftictilt and more eKpensive to find. 
Therefore^ exploring and drilling for new gas re- 
serves could cost a producer more than he might 
get back from the sale of the gas. With the price 
ceiling fixed, known reserves were used up faster 
than new supplies w^ere discovered. 

In 1973, known undergrourid gas reserves 
totaled 291 trillion cubic feet. The Anierican con- 
sumer used 22 mllion ciibic feet. Therefore, we 
know that we will run out of natural gas. The only 
question is: when? 

In late 1973, the gas companies estimated 
that their known reserves would last no nnore than 
five years. In sonrie states today j new customers for 



natural gas are being turned away by utility com- 
panies. We know that the demand for natural gas is 
increasing. The supply— whether known or as yet 
undiscovered --is decreasing. However, some scien- 
tists estimate that the amount of undiscovered 
natural gas in our country could turn out to be 
enough to power our homes and industries until a 
little after the year 2000! 

Our future reliance on natural gas depends on 
how we answer these questions nowi What is the 
true extent of our natural^as reserves? How fast 
can we risk using them up? What price should the 
users of the gas reserves have to pay? Should we 
continue using this valuable fuel for electric-power 
generation when other more abundant fuels will 
serve as well? Or should we save it for use in homes 
and in tie chemical indus^? (See the articles on 
coal and wastes for informatidn on man-made gas 
fuels.) 
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An Opinion -----m-..^.- .-.^-^ ,.^^.a,^, _.u'.^,.,_-M---u..ux_-.i^ 
Do the oil companies own the United States? 



The oil connpaniis have hauled off huge profits by oil depletion allowancei and 
tax exemptionr. They have influenced the price of competitive fuels. 

The oil companife. have hidden basic information Qn oil riserves and supplies. 

The oil companies have fought proposals to devilop masi traniit systems, despite 
the fact that masi transit would help to conserve gasoline. 

In 1971, whan United States oil production stopped rising, did the oil companies 
help to prepare us for using less and less oil? No! It is the opinion of this writer that we 
were due for an oil crisis with or without Mideast oiL And what are the oil companies 
doing today? Buying up stocks and shares and controlling interests in every imaginable 
alternate fuel ! I repeat: Do the oil companies own the United States? 



They do. 

Leander Hero 

Editorial Staff of the Sunday Star, 
Hometown's Record of the N ws 



Oil - The Facts 

Did you know that you can run a car and heat 
a home today because life forms existed billions of 
years ago? You can walk on katherlike shoe soles, 
put a record on a record player, pick up a pencil 
and doodle, and listen to the music all because life 
forms existed so very long ago. Ciasoline, oil, cloth- 
ing miterials, records, and pericil lead (graphite) all 
have the same ancient history behind them! 

Billions of years ago, the land surface of our 
planet was covered by shallow seas. Even then, the 
one-^celled creatures we call plankton lived in these 
waters. Their rcniains settled to the bottom of the 
aiicient seas and were covereci by other sediment. 
The material underwent changes and, over millions 
of years* collected as petrQleimn in scattered sub- 
surface pools, Petroleuni, a highly prized 
substance, is also called crude oiL It is piped up to 
the earth's surface and stored in huge tanks or 
piped to refineries. When criide oil is refined or 
processed, it becomes many things as the chart 
shows you. Notice how miich oil we refine into 
gasoline for our transportatiofi purposes. So much 
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petroleum is used in the United Stares today char it 
amourits to almost half of all the energy that we 

use. 



Products 


Pereent 
Df Oil 


tJiiS 


Gasoiine 


41.3 


fVlotor fuel , solvents. 


Kerosene 


4.7 


Ranga fuiU llluiTiinant, 






motor fu^L 


Gas oil, distillate 


14.5 


Domestic fuel, Diesel 






fuel 


Other fuel oils 


25.3 


Heavy fueis,^Diasel 






fuel , gas cils. 


Still gas 


6.0 


Refinery fuel. 


Lubricants 


2A 


Heavy and liynt oils 






and gr€as€i. 


Asphalt 


2J 


Passing, roofing, paints. 






chemiGals. 


Coke 


0,6 


FurI, graphite, oarbon 






produQts^ 


Road oil 


0.2 


Roads, 


Wax 


02 


Candks, sealing, water- 






proofing. 


Losses 


0,5 
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In the year 1971, the total United States con- 
sumptiori of petroleum was 5.5 biilion barrels. 
From one-fourth to one-third of our oil has come 
to us in receiit years from foreign countries, chiefly 
from Venezijela and nhe Middle East. Venezuelan 
oil is abundant, But it is also so high in sulfur that 
our present air pollution laws require costly pro- 
cessing of this oil. Until- recentlyj most of our 
imported oil canne from the Middle East. 

There are t'wo reasons why we arc using more 
oil each year. First, government ta^c policies en- 
couraged the oil companies to sell oil from our 
own counti^ and from foreign counoies at low 
cost to the Consumer. With profits kept high by tax 
benefits^ oil companies were able to develop effi- 
ciant ways of producing, transport ing^ and market- 
ing oil and oil products from all over the world. 
Second^ as consurners, we grew to depend on oil 
and its many products, expecting the supply to last 
forever. 

Now we know that oil supplies cannot keep 
up with our increasing demands. The availability of 
foreign supplies is uncertain. (See the article on the 
oil crisis.) Proven oil reserves in our ov/n country 
amount to 37 billion barrels. This is enough to last 
us only seven years, (Proven reserves arc those that 
can be produced and marketed undc*- current eco- 
nomic and operating conditions Possible reserves 
are at least ten times greater.) Effnrrs are being 
made to tap new supplies in Alaska and to explore 
for oil off the Eastern coast of the United States. 
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Presently known 
reserves (2 
barrel 




outweighs the short-term benefits of offshore ex- 
ploration. 

VVe may choose to depend on the world's 
total oil reserves, rather than rely on domestic 
reserves alone. But even the world's total supplies 
will begin to drop off near the year 2000 if oil use 
continues to grow at the expected rate. 

A new source of domestic oil, previously 
neglected for economic reasons, is now getting con- 
siderable attention. This new source is oil shale. Oil 
shale is a sedimentary rock found in layers beneath 
the earth's surface. From 25 to 30 gallons of low- 
sulfur oil can be obtained from a ton of oil shale. 

To recover oil from this rock source, the rock 
must be crushed and cooked at such high tempera- 
ture that the oil is released as a vapor. The vapor is 
then condensed into oil. 

Proposals have been made to produce oil from 
oil shale IN-SITU (which means IN THE SAME 
PLACE). With this method, explosives create a 
cavity in the underground deposits of oil shale. 
Natural gas is then pumped into the cavity and 
fired. This process heats up the surrounding rock 
and causes the oil to flow out of the rock into the 
cavity. Finally, the oil is pumped to the surface. 

While mining IN-SITU is ft voted by environ- 
mentalists, many developers plan to use conven- 
tional striprnining techniques. This will mean the 
destruction of large land areas in Colorado, Utah, 
and Wyoming, where most of our oil shale is 
located. In addition, processing oil shale above 
pound will create a huge disposal problem. The 
waste rock will be larger in volume by 12 percent 
than the original oil shale. 

If we choose to develop oil-shale technology, 
it could add 600 billion barrels of oil to domestic 
oil supplies, But first we mmt decide what the 
future role of oil is going to be in our society. 



1700 



1850 
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Perhaps 200 billion barrels of oil could be obtained 
from deposits beneath the ocean floor. But objec- 
tions to offshore drilling have been raised by en- 
vironmentalists. They believe that the risk of per- 
manent damage to marine life from oil spills far 
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Ditellne: 1973 1974 

Oil productiori is the biggest industry in the 
world today. The United States is the biggest con- 
sumer of oil in the world. We have 5 percent of the 
world's known oil reserves. And we are pro- 
ducing—from our own land --about 12 million 
barrels of crude oil daily. However, we are using 
almost 17 million barrels each day. 

The Oil Scene: 1973 -1974 

1, Petroleum provides half of all the energy con- 
sumed in the United States. 

2. Crude oil is needed to keep the present United 
States economy going. 

3. Almost all transportation in the United States is 
based on oil. And> recent studies show that 
energy use for transport atioa purposes is grow- 
ing in the United States twice as fast as the rate 
of population growth! 

4, One-third of the United States petroleum 
supply comes from foreign countries^ especially 
from the Arab states of the Middle East. 



5, In early 197$, oil shortages are felt in some 
areas of the cDuntry. Domestic oil production is 
slowing down. 

d Demands for oil are increasing. Planners predict 
that by 1980- 1985, the United States will have 
to import 60 percent of its oil from foreign 
countries. 

7. In late 1973, the United States is faced with a 
sudden loss of oil supplies from the Middle 
East, 

8. Proven-^as well as possible— oil supplies on 
United States lands cannot last forever, perhaps 
not past the year 2OO0. 

The Role Of The Oil Cornpanias 

The largest American oil companies have 
international power. They controlled both the pro- 



ducdon and the refining of foreign oil. Govern^ 
ment tax benefits made overseas oil invest rtients 
very profitable for American oilmen. Domestic oil 
production and refining slowed down from 1970 
to 1973, The oilmen complained that their plans to 
build new refineries weie stopped by environ- 
mental restrictions. Other people said that supplies 
and shortages of oil yyere planned by Anierican 
oilmen to increase profits. 

f 

How Did The Oil Crisis Happen? 

After the ArabTjraeli War of 1973, the Arab 
states stopped sales of crude oil to all ^'imperialist" 
countries. The United States was one of the coun- 
tries named. The boycott, beginning on Deceniber 
23, 1973, is the second attempt by Arab states to 
push their economy forward. They want greater 
control of oil production in their own countries 
and greater profits too. The first boycott—during 
the **Six-Day War^' of 19a7=was brief, but the 
price of Mideast oil began to rise. A price of $1 .80 
per barrel in 1970 became $8.00 or $9.00 per 
barrel in late 1973. The oil companies made huge 
profits in 1973 as oil prices rose higher and higher. 
United States citizens suffered great shortages of 
gasoline and fuel oil. Early in 1974, the Arab boy- 
cott was lifted. Oil supplies increased, but prices 
remained high, and s\ippUes srill fell short of de- 
mands. 




Arifa iconomy neids ai niaiiy 
'Imperially'' dollirs as it mn 
gtti 
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Hqw htiavily §N@uld tlie 8. 
lean now and in the future cm 
Mideast Oil iypplles and at 
what prici are thoia suppi ili 
worthvvhile? 
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Ditelinei The Future 



Should we try to keep up the oil scene? 
Should we remain dependent on foreign supplies? 
Or should we try to power our economy in other 
ways? These questions face the United States now, 
They demand clear thinking and careful planning 
both for the present and for the future. Much of 
the planning will revolve around the important 
questions listed below, Are there other queitions 
diat you think might face the energy planners for 
the future? Do you have some ideas on how the 
questions should be answered? 

L How long would a changeover from oil to 
another fossil fuel or to a synthetic fuel take? 
How long can we afford to wait for change- 
overs, and do we want to wait? 



2. How much foreign oil will be available to the 
United States in the future? Developing nations 
around the world want to buy a greater and 
greater share of the world 's oil that is for sale. 

3. Should United States industry develop oil-shale 
technology? In our country, the costs run high 
for adventure into alteriiate fuels. The **re- 
turns'- for each adventure ^'^-^ still mostly 
unknown. ' 

4. Suppose foreign oil, once j :un, becomes 
cheaper than fuels we produce in our own coun- 
try. Would we then choose the cheaper oil and 
forget about the'danger of beirig dependent on 
other counnries? 



Communist Countries 



Canada 




Africa 



Middle Eait 



WORLD OIL RESERVES 
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Your Analysis 

You will want to check out the information 
that is shown on the graph above. It will help you 
to answer the questions below.- 

L When is the use of natural gas estimated to be at 
a peak in our country? 

2. Is the use of coal expected to increase very^ 
much, some, or a little by 1985? 

3. Is the use of oil likely to increase by 1985 as 
much as the graph shows? (To answer this ques- 
tion » you might want to review both the oil and 
the oil crisis articles in this booklet.) What are 



the media-^rievvspapers and TV news reports-^ 
now sayiiig about oil? 

4. Which source is eKpected to increase the least 
by 1985? 

5. How much energy is uranium (nuclear power) 
expected to supply by 1985? Is this a large in- 
crease over present levels? 

6. What are your own reactions to the predictions 
shown on the graph? Does the future of our 
''total domestic supply/' for example, check 
out with what you know about our present 
sources or not? 
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— A Statement For Nuclear Power 



Why do we need nuclear energy? Our electricity demands are doubling every ten 
years. Our reserves of fossil fuels are being used up* They cannot supply our ilectric 
demands forever. We need another lource of energy— the nuclear source. Nuclear power 
is available. It is the quickest solution to our energy problems today. 

Nuclear power is clean. A nuclear power plant does not pollute the air with soot, 
smoke, or fumes. And it is safe. A nuclear plant is built only after long Investigations 
into health and safety matters hawe been made, Then a license to build is granted, and 
the construction is supervised. Also, all radioactive wastes produced by a nuclear plant 
are carefully disposed of according to rules set down by the Atomic Energy Commis- 
sion, In short, a nuclear power plant is a good neighbor— clean, quiet, and helpfuL 



A Statement Apjnst Nuclear Po^er 



Do you know the danger in store for you if you accept the soft-sell on nuclear 
power without getting all the facts? Suppose you were told that millions of families 
could now have all the cheap electricity they want through nuclear fission— and that 
only one ounce of radioactive w/aste will be produced each year for each family that is 
served. Think it over. Do you know what the real costs are? 

Nuclear wastes are deadly. They are highly radioactive, and radioactivity is known 
to cause birth defects, heart disease, cancer, and even death. Today, each nuclear 
fission plant presents two coristant threats to our environment. One is the release of 
radioactivity through accidents at the plant. The second is the release of radioactivity 
from the wastes which the plant produces, 

We have already had too much of both of these threats. An airplane crashed 
recently one-half mile from a Colorado nuclear plant. Who is to say that it could not 
have crashed even closer? Freak accidents are always possible both from inside and 
outside the power plant. Also, the methods we are using to get rid of the wastes of 
nuclear fission are not foolproof. We have buried the wastes in double-walled steel and 
concrete tanks. But leakage from these tanks has occurred and has threatened the 
ground water supplies of nearby areas. 

Think again about the costs. How many millions of pounds of radioactive wastes 
—which remain highly radioactive for hundreds or thousands of years—do we really 
v\^nt ourselves and our descendants to live with on this planet? 



What Is Nuclear Power Today? 

Nuclear power today provides about 5 per- 
cent of our nation*s electricity. This amoijnts, as 
you saw on the Energy Pie previously, toUsschan 
1 percent of our total energy consumption. It is 
thought by many that the use of nuclear power 
will grow. In fact, it is estimated that nticleiir 
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power might be increased to supply 23 percent of 
our nation's electricity demands by 1980. Whether 
the estimate will come true or not remains to be 
seen. Todays the future of nuclear power in our 
country is a matter of great controversy. The pic^ 
ture is always changing, based on consumers' 
needs, available technology, and concerns both for 
the economy and for the environment. 



Nuclear power plants produce energy in a 
reactor by a process of splitting large atoms into 
smaller atoms, This process is called fission. A 
small particle of matter-^a neutron--hits the nucle- 
us of a uraniuin atom and combines with it. Then 
the whole thing breaks into two large fission frag- 
ments releasing a large amount of energy. Two or 
three free neutrons are also released. The free neu- 
trons strike other uranium atoms, causing more 
fission and releasing more neutrons to split more 
atoms, This series of events is called a chain reac- 
tion, The large fission fragments produced in the 
chain reaction heat up the reactor core as they 
collide with other atoms. ThuSj the energy released 
in fission is converted into heat energy, 




The heat produced by fission is used to pro- 
duce electricity in nuclear power plants. The heat 
is usedj as it is in a fossil-fuel power plant, to 
change water into steam. The steam spins a tur- 
bine, The turbine then runs a generator which 
produces electricity, The main difference between 
a nuclear power plant and a fossil-fuel power plant 
is the method used to produce heat. In a fossil-fuel 
power plant, the heat is produced in a boiler by 
burning coal, oil, or gas. In a nuclear power plant, 
heat is produced in a reactor by a controlled chain 
reaction of uranium atoms. There is another differ^ 
ence between fossil-fuel and nuclear power plants. 



It is the amount of fuel needed to produce the heat 
that eventually runs the turbine, One ounce of the 
uranium fuel that is used in the fission process can 
produce as much power as 100 tons of coal. 

The Boiling-Water Nuclear Reactor 

The type of reactor most commonly used in 
the United States today is the boiling-water nuclear 
reactor. 

L Reactor Core! Small pellets of uranium fuel 
are sealed in metal tubes, These tubes are com- 
bined into bundles and held in place by a grid. 

2. Conttol Rodsi When fission is occurring too 
frequently, a few control rods are inserted into 
the reactor core. The rods slow down the chain 
reaction as they absorb free neutrons which 
might otherwise cause fission, When all the rods 
are fully inserted between the fuel reactions, 
the chain reaction stops. As the rods are grad- 
ually withdrawn, the power level of the reactot 
increases, 

3. iModerator and Heat Transfer Agenti The water 
flowing through the core of the reactor does 
two things. First, it slows the speed of the free 
neutrons. The slower moving neutrons have a 
greater chance of causing fission. Second^ the 
water carries heat energy away from the reactor 
core as it boils and forms steam. The steam is 
used to generate electric power, 

4. Reactor Vesseh Since the reactor produces 
steam at high temperatures and pressures, a 
strong housing is needed. The housing also acts 
as a radiation shield. Harmful radiation from 
radioactive wastes produced in the reactor is 
stopped by the reactor walls. 

Our Nucliar Past 

In 1942j during World War II, our government 
began research on the military uses of nuclear pow- 
er* Three years later, the Americ|n pubHc heard of 
the atomic test bomb that exploded in New 
Mexico with the force of 17,000 tons of TNT. The 
test bomb was followed a month later by the 
bombing of Hiroshima and of Nagasaki in Japan, 
The loss of human life— 92,000 in Hiroshima and 
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40,000 in Nagaiaki-shocked the world. Nuclear 
explosions had ended World War II. But the des- 
ffuctive power of nuclear energy became a con- 
ftant threat to all people around the globe. 

The Atomie Energy Aat 

The Atomic Energy Act of 1946 created the 
Atomic Energy Commission (AEC). This govern- 
ment agency still directs the development, use, and 



dontrol of nuclear energy for defense and for 
peaceful applications. In 1954, the Act was chang- 
ed so that industry could work with the AEC to 
develop more uses of nuclear energy. 

A second change in the Atomic Energj^ Act 
came in 1964 when industry was permitted to buy 
and own nuclear fuel, rather than just lease it from 
the government. 
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The Promise Of Nuclear Elactrlo Power 

The biggest peacetime tise of nuclear energy 
has been for electricity. Th^ electric utility com- 
panies were quick to act in 1954 when the govern- 
ment opened up nuclear technology to industry. 
Together, the Atomic Energy Commission and the 
utilities made nuclear electric power into a multi- 
billion'-dollar industry. 

Nuclear power plants $acmed to have many 
advantages over fossil-fueled plants. For the con- 
sumer, the price of nuclear electric power was m 
low as power produced by other means. And the 
nuclear power industry promised even lower rates 
in the future, 

Nuclear power stations were quiet and attrac- 



tive, They also appeared to be clean, producing no 
visible air pollution. 

The producer found the cost of uranium fuel 
lower than other fuels. (For ten years, the govern- 
ment absorbed some of the co^t of producing 
uranium fueL) Shipping and storing nuclear fuel 
was also easier and cheaper since only small quan- 
tities of fuel were needed. For example, a million- 
kilowatt nuclear plant needed only 35 tons of 
uranium fuel per year. A coal-fired plant of equal 
power used 2 million tons of fuel per year! A 
nuclear plant was refueled only once a year. A 
fossil-fuel plant needed continuous refueling. 

Nuclear power appeared to be a clean, cheap, 
efficient way of meeting the public's demands for 
more and more electric power. It was also a way of 
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saving valuable fossil fuels for other purposes. 

In 1956, England was the first country to pro- 
vide homes and businesses with electricity from a 
nuclear power plant, America soon followed and 
soon outran England in sheer output of nuclear 
energy. Here, the first big nuclear station began 
operation in 1957, in Shippingport, Pennsylvania. 
This plant still provides electricity to the Pitts- 
burgh area. Both power plant ''firsts'' were con- 
siructcd near plentiful supplies of water. Later, 
you will find out why. 

By late 1967, eleven nuclear power plants 
with generating systems larger than 10,000 kilo- 
watts were operating in the United States. 

In late 1973, there were thirty-seven nuclear 
power plants operating in the United States. Ilovv- 
ever, due to safety problems, twelve were shut 
down for repairs and only five were operating at 
full capacity. An additional fifty-seven nuclear 
plants were in the construction stages in late 1973. 
If these are completed— and the eighty-nine more 
that have been planned=then, according to the 
Atomic Energ)^ Commission^ the nation*s electri- 
city future will be much brighter. 

Nuclear Or Not— Where Do You Stand? 

By the year^2000, the nuclear industry hopes 
to supply over half our nation's electric power, The 
government supports further development of fis- 
sion power. Hut environmentalists and concerned 
citizens oppose present plans for nuclear expan- 
sion. They are worried about matters of health and 
safety. They feel that many questions must be 
answered and many problems solved before we 
invest our future in nuclear fission. The problem 
areas are described in the following sections. After 
reading them, reread the earlier statements for and 
against nuclear power, i\m\ decide for yourself 
where you stand on the issue of '^nuclear or not." 

Thermal Pollution 

Nuclear power stations need large amounts of 
water for cooling. When this hot waste water is put 
into nearby waterways, it changes the environmenr 
in and around the waterway. Changing and des= 
troying the natural batanee of life in a waterway is 



called thermal pollution. The first i:iud^.ir stations 
caused a great deal of thermal pollinion. Later, 
cooling towers were rfin*;rfucred to cool the wrine 
water before returning it to waterM^atys. However, 
this method is quite expensive. 

Radiation And Human Life 

The fission products or wastes produced in 
the reactor of a nuclear power plant ^re highly 
radioactive. This means they emir lAtgfi doses of 
radiation (energy in the form qf pmicles and 
waves). This radiation cannot be dwcted by the 
senses, but is extremely harmful to hum^n life. 

The cell is the basic unit of \\(^, Whm radia- 
tion is absorbed, it can produce abnormal changes 
in human cells and can even kill them. Our bodies 
continually grow new cells to replace dead ones, 
But large doses of radiation can mmi' permanent 
damage by killing more cells than our bodies can 
immediately replace. The abnormal chmges in cells 
produced by radiation may one day to cancer 
or leukemia (blood cancer). 

The unit used to measure the biological effect 
of radiation on man is the millirem. In m^my areas 
of the United States, natural radiatian from the 
sun is 125 millirems. Medical and dented X ray^ 
could add another 50 millirems. The AEC and the 
nuclear power utilities claim that mods^rri technob 
ogy has reduced the radiation danger fmm nuclear 
plants to less than 1 millircm per year, They often 
describe you* the consumer, spending thi' rest of 
your life living near a nuclear plant and getiing less 
total radiation from the plant than from one chest 
X ray, 

However, many scientists estimiU^ that natu- 
ral radiation probably causes from 5 KO IR percent 
of human health problems, such m b\nh defects 
and premature death. Many citizens^ don'l want to 
add even more radiation to the envirmirrient from 
possible accidents at a nuclear plant from poor 
disposal of the radioactive nuclear wa$tej* that a 
nuclear plant produces. 

Radiation increases the risk of ^Mtim cancer 
or leukemia fift>' times more when it affects an 
unborn child than an adult, The period between 
radiation exposure and leukemia u\kk'^ fmr or five 
years. Other cancers may occur as lorsg m twenty 
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years after exposure. Has ihh length of time made 
us less aware of the real threat that radiation is to 
human Ufc? 

Radioactive Wastes 

Great care is taken tu see that radiauctivc 
wUHtes in a nuclear power plant do not escape into 
the environment, But small amounts do appear in 
the gaseous and liquid wastes leaving the plant. 

Once the fuel in a reactor is spent or used up, 
the fuel rods arc removed and shipped in shielded 
containers to a reprocessing plant. There, valuable 
uranium and plutonium arc removed, I'hen the 
radioactive fission products are stored in solution 
in double-walled tanks. After five years, the solu- 
tion is evaporated and the solid fission products are 
sealed in steel containers. I nally these containers 
must be safely stored for a thousand years or more 
until the radioactivity goes dowm to a safe level. A 
plan to bury these wastes in salt mines is now being 
tested. Another plan is to shoot the wastes into the 
sun on rockets. No disposal plan yet invented is 
foolproof against possible accident. Leakage from 
the tanks of liquid radioactive wastes has already 
occurred in a number of places. 

Danger Of Aooidents 

A serious accident or explosion at a nuclear 
power plant would be a catastrophic event. The 
quantity of radioactive wastes in a reactor is many 
times greater than the radioactive fallout released 
by the bombs dropped at Nagasaki and Hiroshima. 
Since most nuclear power plants are located in 
populated areas* a serious accident could result in 
thousands of deaths due to radiation exposure. 

I he chance of a serious accident is very slim 
indeed. Hut the chance remains. Many people feel 
that the safety systems need additional testing and 
that construction of new plants needs stricter 
supervision to insure the public against possible 
disasters. 

The Problems Of Uranium 

Uranium, the material w^hich Fuels a nuclear 
reactor, might seem tu be an ideal fuel. Sniiill 
amounts produce huge amounts of power. And, 
since only small amounts of uranium are needed, 



storage and transportation are ^irly easy, 

But the use of uranium fuel docs present 
some problems^ 

1, Only 1 percent of the uranium found in nature 
is useful as a fuel in our present nuclear fission 
reactors. This small part, called uranium 235, 
undergoes fission when struck by neutrons. The 
remaining 99 percent of natural uranium, called 
uranium 238. is not fissionable. 

2, Huge amounts of electric power are needed to 
produce uranium fuel from natural uranium. 
1*he fuel contains a larger percentage of the fts^ 
sionablc material, uranium 235. It is produced 
from natural uranium by a process known as 
uranium enrichment. In 1973, 3 percent of our 
total electric power use went to uranium enrich- 
ment, 

3, We are rapidly using up our reserves of uranium. 
In less than 30 years, low-cost uranium will be 
in very short supply. 

Fast-BrewJer Reactors: The Future Of Fission 

A new type of reactor is now being developed 
which could make our uranium reserves last for 
thousands of years, The reactor, called the fast 
breeder, produces its own fuel by changing ura- 
nium 238 into plutonium. Plutonium is a fission- 
able material which can fuel the fa.st breeder once 
it is produced. In this way, 100 percent of natural 
uranium would be used as a fuel instead of only 1 
percent. 

The breeder reactor is still experimental, but 
it might be available between 1985 and 1990, 
Hovvever, critics of the fast breeder arc worried 
about accidents. They point out that the first one 
that was built had to be shut down. It **self<Ie- 
structed** due to intense heat, 'fhe breeder operates 
at a higher temperature than the present-day 
reactors operate. Therefore, the threat of explosion 
is greater. The production of plutonium in large 
quantities presents another danger. Plutonium is 
perhaps the most dangerous of all radioactive mate* 
rials. And it remains highly radioactive for thou- 
sands of years. 



I no Promiso Of Husion 

Miiny sciciuists feel ihar wc^ ia!5 nuplicruc^ and 
mc the sun'*j way of gcticraling luat energy, I hc 
din is a giani nuclear \urn.icc It lia:* i)ccn blazing 
for over 4,000 million years. Vhc energy vvhieh 
reaehes our planet as heat and light comes Irom 
lusion explosions inside the snn. Simply stated, lu- 
sion IS the joining of two light nuclei, such as the 
nuclei of hydrogen, I hc two are joined into one 
heavier nuelcuK, such as heliurri^ with some parti- 
elcs and a great deal of heat energy left over, lujr 
ages and ages^ fusion energy from the sun has made 
life possible here on Earth., 



muouiit is srnnll eom[)nred to the $400 milhon that 

was set aside \o furiher develop nuclear fission. 

rhcre arc^ ivaI adviintages to nucle;u f usion as an 

cncr^;y suurci* I he ;id\snnagc5 niuhuir. 

I , A guaranteed supply of clicap fuel I hc pri- 
mary fuel for fusion is a form of hydrogen 
known as deuterium or heav)^ hydrogen. We can 
easily obtain enough heavy hydrogen from the 
oecan waters on our planet to last us hundreds 
of millions of years. And the cost to isolate this 
plentiful fuel from water may be smaller than 
the CO St t i > n h ta i n f o ss i I f u el s or u ra n iu m . 



Experiments to control and use nuclear fusion 
have been going on for more than twenty years. 
Fusion explosions are the basis of the U bombj or 
hydrogen bomb. However, controlled fusion is still 
experimental today. We have not yet built a fu 
sion^based nuclear power reactor. In 1974, $80 
million of government nu)ney was set aside for 
fusion researeh and development. However, this 



Much less danger than nuclear fission In case 
of an accident in the reactor, fusion reactions 
stop immediately. '1 here is no danger of nuclear 
explosions as there is in a fission reactor. Radio- 
active materials are produced in fusion reactors, 
But the amount of radioactive waste from 
fusion is very small compared to the wastes 
frtnn fiss u. 
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Tho hnicai Problems 

I n fiKikr fusion pciwcr work fur \is. wr must 
t arry chh the: inlUnving srt ps 

L llcat a snnill ijuaiuity of tusHin luct alKHif 
100 niillion (!c{?rrcs (!, At low temperatures, 
nucki do riol lust:. 1 Ictfrical torccs between the 
posit ivcly charged nuclei tend to keep the 
imdci Hp irt. But ar very high tenipcraturcs, the 
nuclei have encnigh energy to overcome rhc 
rlrerrical forces and to crash together and fuse. 

2. Keep the fuel hot long enough for many fusion 



rertctions to take place, i hen the energy re 
leased in fhc fusion reactions will be much 
greater than the ctietgy needed to heat the lucl 
lilt; iujt luct nuisi also be k^^pt away tri)Ui ihc 
walls of ilic reactor since the walls would melt 
and vapori/e at such high tcinpcranires. 

3, Convert the energy released by fusion into 
electricity. 

Scientists arc presently working on steps 1 
and 2, I hcy have found several ways of heating the 
fuel and confining it Icmg enough for fusion to take 

place. 



Schemtitic diagram of o thormonucleaf reactor, The hot 
plasma is huld in place or * cuntatntid'' by thi] tmqmm field 
of the colli and tt»e thermonuclear reactions take place in 
the hot plasm^^ In an actual reoctor the energy generated in 
the thermonucloar reactions would bo carried away by a 
coolant much as 1$ done in a fission reactor, or possibly in 
the same coih that prodi,::, thei containing fifild. 



Electrical 
Generator 



High Temperature 
Plasma 




Containing Coils 



The Magnetic Bottles At very high tempera- 
tureSj the hot gas fuel becomes a phisma, a gas of 
dectrically charged particles. The plasma is made 
up of the nuclei and the electroni of the original 
fuel matter, Sdentists use a doughnut-shaped 
'^magnetic bottle'' to keep the hot plasma away 
from the walls of the reactor. The **magnetic 
bottle" is really a strong magnetic field which 
makes charged nuclei follow a curved path along 
the magnetic lines of force. So far the energy 
needed to create the magnetic field and heat the 
plasma is greater than the energy released by fusion 
in the "magncric bottle/' 



La^r Fusion In another scheme, a pellet of 
fusion fuel is dropped into a vacuum chamber. It is 
bombarded with laser beams which heat and com- 
press the fuel, creating a very small nuclear fusion 
explosion. Hundreds of these explosions are 
needed to make fusion power useful. 

Difficult technical problems remain to be 
solved before fusion can ever produce electricity, 
However, scientists do feel that if enough money is 
spent for research, fusion reactors would be avail- 
able for commercial power production by the year 
2000, 
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r lirrf yy F roin The Finr ih 

\\\h'\\ ju'ijph* wnrt h ()h| i Milhriil srnil a loiin" 
iiiin «>r hoiliii^^ WiUt-r tngh inio tlu' iiir, t>r hvv a 
naiuiiif^ \u>lrann pour lorih nw^lien lava, ihcy 
rcali/e scHiicrh iiig. j hr inside ol iIk' l^arth is hot 
about -liHHfH. a I ihc center. Ihc heat energy insiile 
the l'!arth is called gr^Mlierinal ^*neri^\', Maru^ 
seientists l)elieve the lieat is produeed t^y the tl;e:iy 
ot radioaetive maicrials in the Harth's intericir. In 
most places, the heal s|)reads out as it novvs to the 
l^arth's surlaee aiicl is harely noticcal)le. Bui in 
some plaees, such as volcanie regions, the heat is 
eoiicenirared. reniperarures of iOO^^C to 6{iU^'Ci 
may exist only 1 ,{)()() tiieiers below the Kartli's sur- 

Naluralty, people have asked, *'Why not make 
use of the heat energy inside the Earth?*' Some 
people already have. In Reykjavik, Iceland, people 
have been heating their ht)mes tor twentyfive 
years with natural hot water pipetl from an under- 
ground source. A gcotliermal steamficld plant in 
Larilerello, Italy, has been providing electricity to 
run Italy's railroads since 1904. In Kenya in Atriea, 
geotherrTial cncigy hatehes chickens. 

ho tar, fHu' nation's only geothermal power 
plant is in the geyser area north of Sail rrancisco, 
Caliiornia. Mere, hot rocks beneath the Earth's sur- 
face turn water From an undergrQund lake into 
steam, rlie steam rises through natural openings in 
the Earth, The steam is pumped to a power plant 
and used to generate eleerrieit)' fov the city of San 
r'raneiseo eighty-five miles away, 

rhe source of the heat in all cases is molten 
rock. However, the way the heat gets to the surface 
to be used depends on the geological conditions of 
the area. There are three types of geothermal 
sources: 

E "Dry" steam from underground reservoirs that 
springs up from its owh pressure Geysers of 
natural steam, however, are very rare. 

2, Hot water and steam from undcfground that 
must be tapped by wells Fhis is the source pres- 
ently used by most geothermal power plants. 



Once a well is drilled, the steam is forced to the 
surface by natural pressures, Electric power 
from geothermal plants is competitive in price 
with power from fossilTuel plants. Unfortu- 
naielv, there are nor many natural underground 
resc^: oirs of steairi and hot water, 

3. Dry hot rock which is used to heat w'atcr The 
water is pumped down from the surface 
tlu'ough a hole drilled by an oil rig. The water 
pressure cracks the rock; the water is heated 
and percolates up a second hole. Of all three 
sources, this one offers the greatest possibility, 
There are at least a thousand hot rock beds in 
the Western states and some in Pennsylvania 
and upstate New York. But so far, this method 
has not been tried. 

In 1974, the United States set aside almost 
$45 million for geothermal research and develop- 
ment. By March, 1974, a large number of appli- 
cations —2,4 5 6 to be exact— had reached the federal 
Department of the Interior. Each of these applica- 
tions contains somebody's plan to explore federal 
lands for geothermal energy. Do you think geo- 
thermal energy might be a big energy source in the 
future? 

Tapping geothermal energy presents some 
problems: 

1 , The hot water and steam, often contain salts and 
other minerals that clog and corrode the well 
shafts and the machinery of the power plants. 
Since many of these minerals are harmful, they 
must not be allowed to enter the atmosphere or 
nearby waterways, 

2, No one knows how ground water supplies are 
affected by withdrawing hot water from under- 
ground reservoirs. 

3, Injecting water into hot rock beds may cause 
shifts in the Earth *s crust. 
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Siraceage Windmills 

Can we put winds to use to help produce elec- 
iricity? Cm we store the energy produced during 
periods of strong winds for times when the wind 
dies down but the energy is still needed? 

The answer to both questions is yes. The 
power of the wind is enormous. It is a clean source 
of energy. It is constantly renewed as the sun's 
energy warms up the atmosphere. However^ we 
must consider how much wind power we would 
want to use. Suppose we suddenly wanted all the 
electricity for the United States to be produced by 
windmills. It would require windmills 300 feet high 
and a mile or two apart across the whole country. 
Would this be practical? 

In the small nation of Denmark, windmills are 
a practical way of producing electricity. Coal and 
oil are scarce there and water power is in limited 
supply. Also, Denmark's strongest winds occur in 
the winter, when electrical heating demands are 
greatest. Even back in 1915, Denmark had 3,000 
windmills in operation. 

Wind can produce electricity rather easily. 
The wind pressure against the windmiirs vanes or 
propellers produces a rotary motion. The propel- 
lers spin a shaft which turns the coils of a gener- 
ator, thus producing electricity. When wind speeds 
increase, wind pressure increases too and more 
electric power can be produced. The problem arises 
when the wind dies down. Then the generators 
stop. If power is needed on a small scale, electrical 
energy can be stored in batteries and the batteries 
can supply power on windless days. In the United 
States, thousands of windmill generators are used 
to light farms and charge batteries in areas where 
electric utilities do not supply electric power. 
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The use of wind generators as a major source 
of electric power is not likely in uiis country. Huge 
windmill generators arc expensive to build. Also, a 
convenient method would have to be found to 
store energy on a large scale. Electric power from 
wind generators could be used to produce hydro- 
gen gas from water. The hydrogen gas could be 
stored and used for fuel when needed. However, 
the use of hydrogen would require changes in pre« 
sent technolo^. (See the articles on fuel cells and 
the hydrogen econonriy.) 

But in certain areas of the United States 
where winds are strong and steady, wind power 
seems to be the best source of energy. Would the 
area around your home or school be a good site for 
a windmill generator? High mountain regions are 
good because of their openness to strong, steady, 
and prevailing winds. The shape of the mountain, 
however, can sometimes slow down the flow of the 
wind. 

In 1973, the United States government 
launched a five-year program to develop new wind- 
mills for use in certain rural localities. For ex- 
ample, an experimental windmill might soon 
produce electric power for a few families in rural 
Ohio. This windmill has blades of steel or Dacron. 
It can provide power at an even rate as long as the 
wind is above 18 miles per hour. As the speed of 
the wind changes, self-adjusting hinges dmnge the 
position of the blades to keep the blades rotating 
at a constant speed. 

Other nations of the world are seriously inves- 
tigating the windmiirs possibilities too. They are 
Russia, Britain, France, Spain, Israel, Egypt, India, 
some African nations, and Argentina. 
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Garbage Power 

A nmn named Hurold BdicH, who lives in 
Devonshire, England, runs his 195 3 autoniobile on 
chicken and pig droppings. Many of the people of 
India um pails and shovels to collect cow dung 
from the streets. 1^hcy use it to heat their homes 
and to cook their meals, Some of the cities in 
Europe and the United States are turning their gar- 
bage into heat and electricity. 

Can waste materials help to ease us out of the 
energy pinch? To answer this questi'm we must 
know these things: 

L Which waste materials can we convert into use- 
ful energy? 

2, What technology do we need to convert garbage 
into ''garbage power?" 

3, How much energy can we get by converting the 
usable wastes? 

4, How much will we have to pay for garbage- 
power? 

Which Materials Can We Use? 

Every year, the United States produces three 
billion tons of garbage. This amount does not 
include either sewage wastes or the wastes from 
industry. Garbage removal alone costs us $3 billion 
a year, rhere are otifer costs, too, such as removing 
solid wastes from sewage so we can clean up the 
water. We spend waste disposal money on inciner- 
ators, landfills, and even on filthy open dumps. 
Sadly, what we often get for our money is pollu- 
tion, caused by the burning, burying, or dumping 
of our wastes. 




Three iillion Tons A Year 



Urban Wastest About evenly 
divided between solid 
vwastes collect id by gar^ 
bage trucks and human 
organic wastes in sewago. 

Agricultural Wiitai: Animal 
manure (2 bil|on tons) 
and other farm wastes and 
rural residential wastes. 



Can we put our waste disposal money to 
butler use and help to fight pollution as well? One 
speaUer for garl:)age-power has said that the wastes 
from a family of five, plus an animal or two, plus 
all the household garb age j could be converted into 
85,000 Btu's every day --enough to supply the 
whole family's needs for household fuel! 

Wastes might appear to be a cheap source of 
power, a source which is concinually rene ved. The 
daily garbage of our cities and towns, and the or- 
ganic wastes from animal feedlotSj food processing 
plants, and municipal sewage are available in great 
quantities. We have the technology to convert 
these wastes into useful power, However, collect- 
ing, transporting, and sorting solid wastes is expen- 
sive, Presently these high costs limit the use of 
garbage for power production, 

Convarsion Tochnology 

Anaerobic Digestion Methane gas is the chief 
ingredient in natural gas. Did you know that meth- 
ane gas is percolating beneath many of our sanitary 
landfills? This gas is produced as bacteria decom- 
pose organic wastes buried in the soil. The process 
is called anaerobic digestion (digestion in the 
absence of oxygen), Some people have suggested 
that we tap and use methane for fuel by drilling 
wells into a landfill and then pumping out the gas. 

In a landfill, anaerobic digestion is an act of 
nature, We know how to imitate that act. We can 
use anaerobic digestion to turn our sewage wastes 
and the animal manure from our big farms into 
methane gas. To do so requires a series of big stor- 
age tanks and a network i f pipes, After the organic 
wastes have decomposed, the methane gas can be 
pumped out and used. 

Methanol Methane gas is a substitute for 
natural gas. Also, it can be converted into a sub- 
stitute for gasoline, called methanol. Actual road 
tests have proved that a mixture of methanol and 
gasoline can give better mileage, cause less air pol- 
lution» and be less expensive to use than gasoline 
alone. Can you understand now how Harold Bates 
fuels his automobile? 
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rroni incincnition to electric power For 
many years Kuropciin cities have used ihc hear 
from burning garbage to run boiler furnace;*, Steam 
power from the hoilcrs is then converted to electric 
povwer. In North America, only a lew small inein= 
eratDr-tO'Clectric systems are now operating. Hut 
by mid-19/7, the St. Louis area plans to l)ecome 



the f irst region in the United States to use all of its 
solid wastes to generate eleetrieity. Under the plan, 
glass and metuis will be separated from the garbage, 
l he remaining waste will be shredded, miNcd with 
coal, iind then used as a fuel for cleciric=power 
generation. 



GARBAGE POWE 
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Incineration, either for garbage disposal or for 
energy use, is controlled in the United States by 
the Clean Air Act of 1970. Since it is possible to 
iiicincrate waste without polluting the air, we may 
someday see much of our garbage vecycled into 
electric power. Conversion of municipal garbage 
into electric power could provide up to 3 percent 
of our total energy demand, 

Pyrolysis In this process, organic wastes of 
all kinds including plastics arc '*cooked" or 
■'roasted" at very high teinperatures in the absence 
of oxygen. Without oxygen the wastes decompose 
but do not burn. Oils, gases, char, and water are 
produced. The oils and gases can be used for fuel, 
rhe char is li possible coal substitute. It can also be 
used to make filters or fertilizer. 

Recovar, Ricycle, Rause 

Our garbage can really work for us, and in 
ways that help us preserve the environment. Let's 
consider the example of a typical city's daily gar- 
bage. It is a huge amount, in tens or hundreds of 
tons. Almost half of it is paper. The citizens of the 
city could help by separating their paper wastes 
from the rest of the garbage before everything is 
collected. 



The garbage can then be. put to good use. 
Some wastes can be recycled and reused. Others 
can be turned into the fuel substitutes we want— 
substitutes for natural gas, gasoline, coal, or fuel 
oiL Mere are the steps we can take: 

1. Remove large metal objects (such as washing 
machines) and some paper wastes from the gar- 
bage. Recycle the metals and the paper, 

2. Shred the rest to reduce the volume of the gar- 
bage. 

3. Remove organic wastes and process them by 
anaerobic digestion into fuel and fertilizer. 

4. Remov^e small metal pieces by magnets. Recycle 
the metals. 

5. Remove glass. Recycle the glass or use it in con- 
struction and road building. 

6. Recycle the rest (about 20 percent of the orig- 
inal volume of the garbage) into the desired 
fuel-substitute by pyrolysis. The products of 
pyrolysis can be varied at will by changing con- 
ditions such as the timing and the temperature. 
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Directly From The Sun To You 



You know that the sun is the source of all 
energy on Earth, Energy from the mn provides us 
with the foods we eat. Stored solar energy has pro= 
vided us with the fossil fuels we use. Now, plane to 
use the sun's energy as a direct source of fuel arc 
being devdoped, fiht'c ui the new plans for solar - 



energy use are: 

L Centrul power stations or **sohir farms" The 
sun's heat can be collected on deserts, perhapSj 
or even in the seas and then converted into 
electricity. The electricity can then be sold to 
honics and industries. 




2. On-site rollection of the sun's heat and con- 
version of Heat to electricity Tested conversion 
systems already provide space heating and hot 
water (and someday perhaps air conditioning 
and cooking too) on a direct sun-to-house basis. 
Once instailcd, a solar energy system can supply 
almost free fuel. Also, the user can worry less 
about blackouts, power failures, or the rising 
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cost of fossil-powered electricity. 

3. Conversion of solar energy to electricity in 
space Satellite power stations could beam elec- 
tricity down to the Earth at microwave frequen- 
cies. By orbiting the satellites above the Earth's 
weather conditions^ a constant energy source 
would be guaranteed, However, there is some 



A TYPICAL SOLAR^ENERGY COLLECTING PANEL 





danger that this plan, which is still a theory, 
might be harmfuK We need to know how our 
environment might be 'effected in the long run 
by satellite-beamed microwaves from space. 

Solar Energy: The Current S(^ne 

The federal government allocated $12 million 
for solar energy research and devduprient in 1974. 
This was the largest amount of fejeral money ever 
put to solar energy use, although it may seem small 
in contrast, for example, to the $400 million set 
aside for nuclear fission research in 1974. 

New solar energy projects are rising up all 
over the country today. By 1974, twenty-five solar 
powered houses were in operation. These were 
cither privately built or built by universities. As 
early as 1938, workers with the Massachusetts 
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Institute of Technology had built the first solar 
house. They knew that the sun radiates an average 
of 1000 watts of energy daily on each square meter 
of earth, and they made use of that energy. Do you 
know how it can be done? 

1. First, a black metal plate is heated by the 
sun. When the plate is hot, it is covered with 
glass. The glass cover does two things. It traps in 
the heat (specifically, the infra-red rays) and it 
allows the sunshine to heat the plate even more. 

2. Second, the trapped energy must go into use- 
ful channels. Usually a fluid-either air or water 
=is pumped in to carry the heat away to where 
it can be used. 

3. Then, the heat which has been carried off 
and stored can be used to boil the water which 
produces the steam that runs a generator! 



They Aren't Science Picticn! 
A Look At Two Solar En^rny Projects 



The Delaware Project 

In a house at the University of Delaware, roof 
panels—similar to the t>'pical solar collectors which 
arc illustrated— collect heat. But something new has 
been added to this solar experiment, which scien- 
tists are calling the most technically advanced solar 



project ever seen. The panels contain cadmium sul- 
fide snlar c*2lls that turn part of the solar ener^' 
directly into electricity. Behind the panels, air is 
kept circulating. It keeps the cells from overheating 
and carries off the excess heat to the basement for 
storage, and then is used as described above. 





r THE SOLAR CELL 




Photons Are Energy-Carriefs 

A solar cell uses certain semiconductor mate- 
rials, such as silicone, which will absorb light and 
generate electricity directly, without an inter- 
mediate heat stage. The diagram shows you what a 
solar cell is composed of. In addition to their use 
on the house at the University of Delaware, solar 
cells are p^to use in space technology. 
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j SCHiMATIC DiSIQN OF SOLAR POWER PLANT (not drawn to scaio) 




The Floating Power Station Plan 

Although it is still in the planning stages, ideas 
are being shared and costs are being considered 
now for putting power plants— run by solar energy 
—into the ocean. Someday you may be using ''solar 
sea power'" to heat and light your home! Here is a 
simplified version of the plan: 

The tloacing power station could be anchored in 



a warm ocean current oti a coastline. Hanging 
beneath the power station would be a pipe ap- 
proximately 3 5 feet in dianneter and reaching a 
depth of a half-mile. Surface water which has 
been warmed by the sun is piped into an evapor- 
ator, A vacuum produced in the evaporator 
makes the water bolL The steam is directed to a 
generator and then condenses the steam back to 
water. The water is returned to the evaporator, 
and the cycle repeats itself. 
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Most of the schemes to tap new energy 
sources include converting the energy into electric 
power. Wind energy^ solar energy, nuclear energy, 
and geotherrnal energy could all be used to gen- 
erate electricity at large central power stations. For 
environmental of other reasons^ these power sta- 
tions would probably be built far from population 
centers. Underground transmission lines would 
carry power to distant consumers. 

But is tb'ii the most;.efficient way of distri- 
buting and using energy? Should c be moving 
toward an '*all-electric" economy? 




Some people think that a synthetic fuel 
w^ould be cheaper to deliver and easier to use than 
electricity. The best candidate for this synthetic 
fuel is hydrogen. At the central power station, elec- 
tric power could be used to break down water into 
hydrogen and oxygen. This process is called elcc 
trolysis. The hydrogen could then be transported 
to the point of use by pipeline (the way natural gas 
is transported now). There it could be burned as a 
fuel or used to operate a fuel cell for electric 
power. 




A PROJECTED PLAN 
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This scheme, known as the hydrogen econ- 
omy, solves sevcriil prohlcMns nt oner, i'irst, ii 
solves the stonige problem. Electric power nuisr l)c 
used at the rate it is produced. It cannot be stored. 
But hydrogen can be stored underground or lique= 
fled and stored in ranks for times when power 
demands are greatest. During times of less demLind, 
the excess power produced at the power station 
can be U5ied to increase the supply of stored hydro- 
gen. 

The hydrogen economy also provides a 
cheaper, more efficient way of transporting power 
from the central power station. Gas pipelines are 
the cheapest way to transmit energ3^ 

Finally, a large supply of cheap hydrogen is 
very desirable. Pure hydrogen is a clean, nonpollut- 
ing fueL Its only combustion product is water! 
Home furnaces and industrial equipment can be 
converted to run on this clean-burning fuel rather 
than on fossil fuels. Cars can also run on hydrogen. 
An engine fueled on hydrogen can deliver as much 



power as a gasoline-fucicd engine, And it will burn 
itinrc clcnnly, prndni'inir wwicv and only small 
amounts of nitrogen uxick*!;. 

Ilydrugcn may also be used to generare elec- 
tricity at k^eal power stations. With pure hytlro|^en 
readily available, fuebcell gcneraiors become much 
more attractive. As described below, fuel cells are 
very efficient and can be built to supply electric 
power to individual homes^ to commercial build- 
ings, or to a large city. 

Critics of the hydrogen economy ^ay that 
hydrogen is too dangerous to use in the ways des- 
cribed above. Hydrogen gas is highly explosive, and 
only a small spark of static electricity provides 
enough energy to start a hydrogen fire. But indus- 
try has found w^ays to handle hydrogen quite safe- 
ly, if safety measures can be found and fossil-fuel 
prices continue to rise, we may very well switch to 
hydrogen as our basie fuel, l^hen the world would 
be a far cleaner place to live in than it is today. 



You have already learned how the chemical 
energy in fuels is converted to electrical energ)' at a 
power plant. First the fuels are burned to produce 
heat. Then the heat energy is converted to mechan- 
ical energy and finally to electricity. The entire 
process is only 40 percent efficient. 

A fuel cell can do the same job--but much 
more efficiently! It converts the chemical energy in 
fuels directly into electrical energy. For this reason 
it is called an electrochemical device. These devices 
are being designed to run on many types of fuel, 
but the basic fuel cell runs on hydrogen and oxy- 
gen. A hydrogen/oxygen fuel cell is almost 100 
percent efficient. 

How It Works 

A fuel cell works in much the same way as an 
ordinary dry cell or storage battery. It has two 
electrodes joined by an electrolyte, a substance 




which conducts electricity, A chemical reaction in 
the cell produces an electric current in an external 
circuit. But unlike a storage battery, fuel cells do 
not contain stored chemical energy, Instead, a fuel 
gas such as hydrogen is supplied to one electrode; 
air or oxygen is supplied to the other. In the cell, 
the hydrogen and oxygen combine to form water 
and release electrical energy in the process. As long 
as the fuel gases are fed to the electrodes, the fuel 
cell continues to operate. 

The Advanttgai 

Fuel cells can provide a clean, safe, conve- 
nient way of generating electricity. Because of 
their greater efficiency, they require less fuel to 
produce an equal amount of electricity than do 
conventional or nuclear power plants. They do not 
burn fuels, so they produce no air pollutants. And 
since they have no moving parts, they make no 
noise and are free of vibrations. 
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One l)ig attraction ot" fuel lcIIs is rhrir llcNi- 
biliry, Th^y ran he builc in hirf^e fir srnnll niurs 
depcndinj^ on huvv much power is necdccL A siiij'Ii. 
ccll produces only a smiill current. Bur many, 
many cells connected in series might produce 
enough pnwc*r for nn cnrire rify, 

Fuel Cell Appljcotions 

In 1959, the first practical tucl cell was de- 
veiopcd. It could power a forklift truck, a circular 
saw, or a welding device, NASA used hydrogen/ 
oxygen fuel cells in the Gemini and Apollo mis- 
sions because they were light in weight and took 
up very little space. The fuel cells were a source of 
electric power and of water. An experimental car 
using a combination of hydrogen/air fuel cells and 
ordinary .storage batteries was built to go 200 miles 
without being refueled. It had a maximum speed of 
50 miles per hour. 



Many projecrs to develop new fuel-^ecll tech- 
noloj^y are now underway. In one project, coal is 
used to run a fuchccll power plant. The coal is 
gasified to produce hydrogen which is then used to 
operate hydrogen/air fuel cells. Since this power 
system is 60 percent efficient, it produces one and 
one-half times more electrical energy from each 
ton of coal than a conventional plant produces. 

Ihe TARGKT project is designing fuel-cell 
units to power individual homes. These units run 
on natural gas and air. 1 hey are only 45 percent 
efficient, but they avoid power losses from elec- 
trical transmission lines since electric power pro- 
duced right in the home. 

Fuehcell technology is still in its infancy. But 
one day, it may provide us with a clean, efficient, 
inexpensive way of generating electric power. 
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Ecornnster Activitios 



An) You i} Uh] 
Enarqy CuiuumtK^ 

Worksheet 2 

Enurnv in Action 

Worksheet 3 

The ■'Jerieration Jolt" 

Worksheet 4 
Blackout Iri the City! 
Can You Help? 

Worksheet 5 
BiiilrJing a Generator 

Worksheet 6 

The Switch to Electric 
Power 



Extension Activities 



Activity Card 1 
How Eluctric Is 
Your Home? 



Activity Cgird 2 
Appljances; Making a 
Wise Choice 

Activity Card 3 

Which Cars Use More 
Gasoline? 

Activity Card 4 

Incandescent vs. 
Fluorescent Liohtin*? 

Activity Card B 
Can the Roof of a 
House Save Energy? 

Activity Card 6 
Survey Your Home 
Insulation 

Activity Card 7 

Testing for Good 
Insulators 

Activity Card 8 

Designing a Turbine 
for Efficiency 



Activity Card 9 

Getting All the Oil 
Out 



Activity Card 10 

Is Wind a Good Source 

of Energy in Your Area? 

Activity Card 11 
Tapping Geothermal 
Energy 

Activity C|rd 12 

A Solar^powered Motor 



Praviding for 
the Future 
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Workiheet 7 

Congressional Hearing: 
The Energy Crisis 

Workshget 8 

Providing for the Future 
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